Abstract Body, foot and viscera of Donax cuneatus (Linnaeus) were hydrolyzed using commercial proteases (pepsin, trypsin and papain) and tested for their antioxidant activity by DPPH scavenging ability and reducing power assays. In comparison between all the hydrolysates, papain viscera (28.513±0.165 & 0.186±0.008) and foot (33.567± 0.132 & 0.166±0.013) hydrolysates showed highest DPPH and reducing power ability respectively. The active hydrolysates were purified with DEAE-cellulose followed by Sephadex G-25 columns connected to FPLC. Further, the isolated active fractions were loaded onto HPLC for their amino acid profiling and found with the presence of potential amino acids viz., histidine, cysteine, alanine etc. These results suggest that the isolated antioxidant peptide from viscera and foot hydrolysate of D. cuneatus can be used in treating human diseases where free radicals and oxidative damage are involved.
Introduction
Reactive oxygen species (ROS) such as singlet oxygen ( 1 O 2 ), hydrogen peroxide (H 2 O 2 ), superoxide anion (O 2 − ) and hydroxyl radical ( * OH) are often generated as byproducts of biological reactions or from exogenous factors (Cerutti 1991) . The involvement of these species in the pathogenesis of a large number of diseases including rheumatoid arthritis, atherosclerosis, skin-aging, nephritis, reperfusion injury, asthma, diabetes mellitus and carcinogenesis are well documented (Harman 1998) . On the other hand oxidative reactions in foods lead to the deterioration of quality attributes such as flavor, aroma, texture, and color (Park et al. 2001) . In lipid peroxidation, these reactions typically involve free radical pathways that result in the formation of lipid hydroperoxides, which are eventually decomposed to low molecular weight carbonyls in the presence of prooxidants (Elias et al. 2008) . A potent scavenger of these species may serve as a possible preventive intervention for free radical mediated diseases (Gutteridge and Halliwell 2010) . But, synthetic antioxidant such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are restricted to use in food products because of their induction of DNA damage and toxicity (Ito et al. 1986 ). So, natural antioxidants have been the focus of considerable interest in recent times and in our previous work we examined the antioxidant activity of the peptides isolated from Nemipterus japonicas and Exocoetus volitans Nazeer 2010, 2011) .
In India, bivalve mollusc comprises major marine fishery resources and is traditionally fished for food and shell. The annual production of gastropods and bivalves is estimated at about 1, 00,000 tones. Fishing for molluscs provides employment to thousands of people, particularly to those living in coastal rural areas (Shanmugam et al. 2007 ). The farming of bivalves is fast picking up, and during 2002, the production of oysters was estimated at 350 tones and mussels 1,250 tones (Narasimham 2005) . Of the several species of wedge clams of the family Donacidae that occur on the east and west coasts of India in the surf-beaten sands, Donax cuneatus, is considered as food source by many people (Nayar 1952) . It forms the food of a large number of fishermen along the coast when the sea is rough and the general fishery conditions are poor. However, at present there is no regular fishery of these clams for food or any organized lime burning industry, with the result that this valuable resource is wasted without being much utilized. Therefore, the aim of this study was to identify the antioxidative potentials and amino acid composition of peptides derived from the wedge clam Donax cuneatus protein hydrolysate. For this purpose, the wedge clam protein was enzymatically hydrolyzed and the resulting peptides were assessed for their free radical scavenging ability.
Materials and methods

Materials
1,1-diphenyl-2-picrylhydrazyl (DPPH), methanol, ethanol, linoleic acid, ammonium thiocyanate , ferric chloride, α-tocopherol, potassium ferricyanide, trichloroacetic acid, trypsin, papain, pepsin, sodium carbonate were purchased from Sigma Chemicals Co. (St. Louis, MO, USA).
Sample collection
Wedge clam, Donax cuneatus (L.) was collected from Kovalam Beach (13°6' 15" N and 30°17' 30" E), Chennai, Tamilnadu. The shells were removed and the sample was dissected into foot and viscera and stored at −20°C before further assays.
Enzymatic hydrolysis
To extract antioxidant peptide from different parts of clams, enzymatic hydrolysis was performed using various enzymes [pepsin (0.1 M Glycine buffer, pH 2.0 at 37°C), trypsin (0.1 M Sodium phosphate buffer, pH 8.0 at 37°C) and papain (0.1 M Sodium phosphate buffer, pH 6.0 at 37°C)] at their optimal conditions. At enzyme/substrate ratio of 1/ 100 (w/w), 1 % substrate and enzyme were mixed. The mixture was incubated for 6 h at each optimal temperature with stirring and then heated in a boiling water bath for 10 min to inactivate the enzyme. Aliquot from each hydrolysate was centrifuged at 12000 rpm for 10 min and supernatant was lyophilized as discussed by and stored under −20°C until use (Je et al. 2007 ).
Scavenging ability on 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radicals DPPH radical scavenging activity was determined according to the method of Yen and Hsieh (1995) . An aliquot of sample (1 mg/ml) was mixed with 3 ml of methanol and then added to 1 ml of 0.15 mM DPPH in methanol. The mixture was then mixed vigorously and allowed to stand at room temperature in the dark for 30 min. The absorbance of the mixture was measured at 517 nm using a UV-Vis spectrophotometer. The control was conducted in the same manner but methanol was used instead of sample. DPPH radical scavenging activity was calculated as follows:
Where, sample is the absorbance of sample and control is the absorbance of the control at 517 nm.
Reducing power assay
The ability of the hydrolysate to reduce iron (III) was determined according to the method of Yen and Chen (1995) . An aliquot of 1 mg/ml sample of each hydrolysate was mixed with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1 % potassium ferricyanide. The mixture was incubated at 50°C for 30 min, followed by addition of 2.5 ml of 10 % (w/v) trichloro acetic acid. The mixture was then centrifuged at 1,650 × g for 10 min. Finally, 2.5 ml of the supernatant solution were mixed with 2.5 ml of distilled water and 0.5 ml of 0.1 % (w/v) ferric chloride. After 10 min reaction the absorbance of the resulting solution was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power.
Measurement of the antioxidative activity in linoleic acid model system
The antioxidative activity was measured in α-linoleic acid model system according to the methods of Osawa and Namiki (1985) . Briefly, a sample (1.3 mg) was dissolved in 10 ml of 50 mM phosphate buffer (pH 7.0), and added to a solution containing 0.13 ml of linoleic acid and 10 ml of 99.5 % ethanol. Then the total volume was adjusted to 25 ml with distilled water. The mixture was incubated in a storage bottle with a screw cap at 40±2°C in a dark room and the degree of oxidation was evaluated by measuring the ferric thiocyanate values. The ferric thiocyanate value was measured according to the method of Mitsuta et al. (1996) . The reaction solution (100 μl) incubated in the α-linoleic acid model system was mixed with 4.7 ml of 75 % ethanol, 0.1 ml of 30 % ammonium thiocyanate, and 0.1 ml of 2×10 −2 M ferrous chloride solution in 3.5 % HCl. After 3 min, the thiocyanate value was measured by reading the absorbance at 500 nm following colour development with FeCl 2 and thiocyanate at different intervals during the incubation period.
Purification of the active fractions
The lyophilized clam viscera and foot protein hydrolysate (20 mg/ml) was on a XK 26 DEAE anion exchange column equilibrated with 20 mM sodium acetate buffer (pH 4.0), and eluted with a linear gradient of NaCl (0-1.5 M) in the same buffer at a flow rate of 1 ml/min. Each fraction collected at a volume of 6 ml was monitored at 280 nm, pooled fractions were then concentrated using a rotary evaporator; and antioxidant activities were investigated. The fraction having strong antioxidant properties were lyophilized, and loaded onto a Sephadex G-25 gel filtration (GE Healthcare, Sweden) column (2.5×75 cm) which was previously equilibrated with distilled water and set into at a flow rate of 1 ml/min. Each fraction collected at a volume of 3 ml was monitored at 280 nm, pooled fractions were then concentrated using a rotary evaporator; and antioxidant activities were investigated.
Amino acid composition
The amino acid composition was identified by using the methods of Huesgen (1999) . The lyophilized active fractions from clam viscera and foot were digested with HCl (6 N) at 110°C for 24 h and neutralized with NaOH and loaded onto High performance liquid chromatography (HPLC). The analysis was carried out in an Agilent 1100 assembly system after precolumn derivatization with ophthaldialdehyde (OPA 
Results and discussion
Preparation of clam protein hydrolysates and their antioxidant properties
Recently, protein hydrolysates obtained by enzymatic digestion of various marine resources tuna liver (Je et al. 2009 ), pink perch (Shabeena and Nazeer 2010), nile tilapia (Ngo et al. 2010) , gastropod (Nazeer and Srividhya 2011) and sea urchin (Qin et al. 2011) were reported to have antioxidant activity. In the present study viscera and foot were chosen and processed further for hydrolysis using commercial enzymes (pepsin, trypsin and papain) and the prepared hydrolysates were evaluated for their antioxidant activity using DPPH radical scavenging activity and reducing power ability assay. As shown in Table 1 papain viscera (28.513± 0.165) and papain foot (33.567 ± 0.132) effectively quenched DPPH radicals and basing on reducing power assay papain viscera (0.186 ± 0.008) and foot (0.166 ± 0.013) showed highest activity than remaining hydrolysates. Papain is a cysteine protease of peptidase family, which can cleave the protein and produce peptides and the peptides prepared using this enzyme on porcine myofibril (Saiga et al. 2003) , black-bone silky fowl ) and loach (You et al. 2011) has shown similar strong antioxidant activity. Based on DPPH radical scavenging and reducing power ability tests the two active protein hydrolysates were chosen and preceded further for purification.
Purification of active fraction
The two active papain viscera and foot protein hydrolysates were employed for the purification and identification of antioxidant peptide. Hydrolysates were loaded onto DEAE anion exchange column and three fractions (I, II and III) of each were collected as shown in chromatogram (Figs. 1a  and 2a) . Generally, purification of antioxidant active peptide by ion exchange is common fashion (Qian et al. 2008; Nazeer 2010, 2011 ) and the collected fractions were concentrated and tested against DPPH radical scavenging activity (Table 2) . As shown in figure, the active fraction of viscera (II -45.32±0.144) and foot (III -43.43± 0.066) was further purified using the Sephadex G-25, open column connected to FPLC (Figs. 1b and 2b) . Since, D. cuneatus being a marine animal and moreover after ion exchange chromatography it is preferred to opt for a gel filtration column, which facilitates the samples to purify and also desalt (Byun et al. 2009; Shabeena and Nazeer 2010; Nazeer and Srividhya 2011) . As observed in Figs (Table 2) were finally loaded on an analytical HPLC and their amino acid sequences were determined.
Amino acid Composition
After recording the activity of isolated antioxidant peptides from wedge clam viscera and foot protein hydrolysates, it is possibly due to the presence of amino acids, which functioned as electron donors and could react with free radicals to form more stable products. To conform the quality and 3.32 & 3.23 %) showed low percentage in the amino acid profiling of viscera and foot respectively. These compositions of amino acids were also observed in active antioxidant fractions of fishes and gastropod Nazeer and Srividhya 2011) . The above results showed the presence of essential amino acid contents of both the samples, which was higher than the recommended values for human adults (FAO/WHO 1990) . And presence of amino acids viz., glutamic acid, histidine, threonine, arginine in good percentage explains the reason behind the high antioxidant activity . Moreover, amino acids such as, tyrosine, methionine, histidine, lysine and tryptophan, were generally accepted as antioxidants (Chen et al. 1996) and presence of all these amino acids makes the wedge clam peptide a potent antioxidant.
Measurement of the antioxidative activity in α-linoleic acid model system
As shown in Fig. 3 , both viscera and foot peptides were considerable inhibiters of lipid peroxidation and exhibited a nonlinear pattern. These peptides, has slow downed the lipid oxidation successfully for a period of six days and the results were compared with natural antioxidant α-tocopherol. Even though the exact mechanism of peptides to act as antioxidant is not clearly known but, the aromatic amino acids and histidine are reported to play a vital role for the activity (Chen et al. 1996) . And more over presence of hydrophobic amino acids also help the peptides to interact and stop the lipid peroxidation. Since, lipid oxidation is of a great concern of the food industry and among consumers because it leads to the development of undesirable offflavors and potentially toxic reaction products (Park et al. 2001) . Therefore, the peptides isolated from wedge clam may have potential applications in the food industries as well as in pharmaceuticals.
Conclusion
Based on these results, the protein hydrolysates prepared from the foot and viscera of Donax cuneatus by enzymatic hydrolysis has potent antioxidant properties. And the purified fractions from viscera and foot papain protein hydrolysates possess high antioxidant activity along with lipid peroxidation inhibition ability, which would be a great concern for nutraceutical industries. However, extensive studies like peptide sequencing and in vivo level evaluation are required to understand the complete nature of these peptides.
